Abstract: Advanced glenohumeral osteoarthritis can transform glenoid morphology and, in some cases, is found in association with severe glenoid retroversion. The associated glenoid retroversion leads to difficulty in fixation of the glenoid component in reverse total shoulder arthroplasty. In the context of extreme glenoid wear, structural grafts can be used to restore glenoid volume and version in order for the glenoid component of the reverse total shoulder arthroplasty to be more easily implanted. Nevertheless, literature regarding structural grafts remains limited, with optimal graft choice and technique still controversial at best. This article details our technique for humeral head autograft transplantation before reverse total shoulder arthroplasty in the context of extreme glenoid retroversion with advanced osteoarthritis. G lenohumeral osteoarthritis is characterized by loss of articular cartilage, glenoid bone loss, and increased glenoid retroversion with posterior subluxation of the humeral head in advanced cases.
G lenohumeral osteoarthritis is characterized by loss of articular cartilage, glenoid bone loss, and increased glenoid retroversion with posterior subluxation of the humeral head in advanced cases. 1, 2 Progression after asymmetrical posterior force distribution on the glenoid or shoulder dysplasia can lead to a transformation in glenoid morphology, as classified by Walch et al., 3 to a type C glenoid with retroversion greater than 25 . Arthroplasty is indicated in symptomatic patients who have debilitating pain and range-of-motion deficits, but in this setting the procedure is technically challenging and characterized by higher rates of complications and revisions. 4 Preoperative posterior glenoid erosion not only is a risk factor for glenoid loosening but also results in worse outcomes for function and pain. 5, 6 Current glenoid components are designed to rest on the subchondral bone of the glenoid with fixation points drilled and burred through the subchondral plate into the cancellous bone of the glenoid vault. However, excessive posterior retroversion and the associated glenoid bone loss make the remaining subchondral bone inadequate for support, rendering glenoid component fixation especially challenging.
Glenoid version correction must be balanced against preservation of glenoid bone stock. 4 Lesser degrees of bone loss can be compensated for by changing the humeral component version, lowering the high side of the glenoid with asymmetrical reaming, or using an augmented glenoid component. 7 These methods are inappropriate when severe glenoid wear and extreme retroversion presents; however, placement of structural grafts can be used to restore glenoid volume and version so that the glenoid component can be implanted. The literature surrounding structural grafts used in this context is currently limited, with the optimal graft choice remaining controversial. This article details our technique for humeral head autograft transplantation to restore glenoid volume and version, before reverse total shoulder arthroplasty (rTSA), in the context of extreme glenoid retroversion.
Surgical Technique
Video 1 provides an overview of the described surgical technique.
Patient Positioning and Anesthesia
The patient is placed in the supine position on the operating table, and general anesthesia is used for induction. Single-shot or catheter-infusion regional anesthesia may be used as well. The patient is then brought into the beach-chair position with care taken to pad all bony prominences. Moreover, the head and neck positioning should be carefully assessed before the procedure is started. We do not use an arm positioner; rather, the operative extremity is draped free with a well-padded Mayo stand placed under the elbow.
Objective Diagnosis
Preoperative evaluation should start with a thorough history and physical examination. Diagnostic imaging should consist of shoulder radiographs to assess for osseous abnormalities, including glenoid and humeral head bone loss. Magnetic resonance imaging of the shoulder allows confirmation of the extent of osteoarthrosis, as well as any concomitant loose bodies or labral or other soft-tissue injuries. A computed tomography scan should be obtained to accurately assess glenoid version and bone loss. In this case example, the patient was noted to have approximately 38 of glenoid retroversion.
Operative Technique
General endotracheal anesthesia may be combined with regional nerve blocks to maximize postoperative pain control. Perioperative antibiotic prophylaxis is administered intravenously before incision. The procedure is begun with a standard deltopectoral approach. Subcutaneous flaps are created medially and laterally, and the cephalic vein is mobilized laterally. The clavipectoral fascia is incised proximally to the coracoid, and a Kolbel retractor is placed under the conjoined tendon and deltoid for deep retraction. Throughout the procedure, the axillary and musculocutaneous nerves are protected with careful retraction. The anterior circumflex vessels are cauterized, and the shoulder is externally rotated. Next, the lateral border of the subscapularis tendon is identified just medial to the bicipital groove and tagged with a heavy nonabsorbable suture, and the subscapularis tendon is carefully dissected from the underlying capsule. The long head of the biceps tendon is identified within the bicipital groove, and a soft-tissue tenodesis is performed immediately proximal to the superior border of the pectoralis major tendon.
A glenohumeral capsular release is then performed anteriorly, inferiorly, and posteriorly with a Cobb elevator. Throughout the capsular release, the axillary nerve is palpated and protected at all times. The shoulder is externally rotated and extended to aid exposure of the humeral head. Electrocautery is used to mark a 135 humeral head cut, which is subsequently performed with an oscillating saw (Fig 1) . It is important to note the rotation of the shoulder when performing the humeral head resection to avoid under-or over-resection. Thereafter, canal preparation is carried out. In this case, an 11-mm reamer and 11-mm broach The left shoulder is externally rotated, and the humeral head (black arrows) is thoroughly exposed. By use of an electrocautery device, the position for the cut is marked at the proximal aspect of the humerus. After this, an oscillating saw is used (A, B) to cut the portion of the humeral head to be prepared into an autograft (C, white arrow).
Fig 2.
The glenoid (arrow) is exposed in the left shoulder, and the amount of retroversion is then evaluated. A ruler is used to measure the height, width, and depth of the glenoid, and these measurements are then compared with the preoperative imaging evaluation. These measurements will be used to achieve the correct size of the graft.
(Arthrex, Naples, FL) were used. The humeral metaphysis is then reamed.
Next, attention is turned to glenoid preparation. Further anterior, inferior, and posterior capsular releases should be performed at this time. A ruler is used to measure the following: the height of the glenoid; the width of the glenoid superiorly, at the equator, and inferiorly; and the depth required to correct the retroversion (Fig 2) . These measurements can be generated ahead of time with 3-dimensional computed tomographyebased operative planning software, but intraoperative measurements should be carried out for confirmation. Thereafter, the humeral head is cut on the back table with a handheld sagittal saw and highspeed burr to the measured dimensions (Fig 3) . Two 0.057 inch diameter Kirschner wires are drilled into the humeral head autograft to aid placement in the posterior glenoid (Fig 4) . If preoperative planning affords the creation of a sterile 3-dimensionally printed template, the autograft may be placed on the template to assess fit at this time (Fig 5) .
The posterior glenoid is prepared with a high-speed burr to establish a bleeding surface. The humeral head autograft is then positioned, and the K-wires are advanced into the native glenoid. A cannulated drill is placed over the K-wires, and headless compression screws (3.0-mm titanium headless compression screws; Arthrex) are used to fix the autograft in place, thereby restoring approximately 10 of retroversion (Fig 6) . In this case, 3 headless compression screws were used, with care taken to avoid placement in the future position of the baseplate central peg or locking screws. The baseplate and glenosphere (Univers Revers; Arthrex) are then placed on top of the glenoid and humeral head autograft.
The humeral stem broach is removed. Three nonabsorbable sutures are then placed through 1.6-mm drill tunnels in the proximal humeral lesser tuberosity for later subscapularis repair. Trial components and reduction are performed to assess stability and range of motion. Tension should be critically assessed to ensure there is no translation and the conjoined tendon and deltoid are under tension. There should also be no impingement at full adduction or full internal rotation, as well as no liftoff at 60 of external rotation and no shuck inferiorly. The final humeral stem, cup, spacer, and liner components (Univers Revers) are implanted.
The wound is thoroughly irrigated, and the subscapularis tendon is repaired with the shoulder in approximately 40 of external rotation. Hemostasis is obtained with electrocautery. The deltoid and pectoralis major muscle are repaired with a side-to-side closure using absorbable suture. The subcutaneous layer is repaired with No. 2-0 interrupted absorbable suture, and finally, a No. 3-0 suture is used for skin closure. The skin closure is supported by Steri-Strips (3M, St. Paul, MN). The advantages and disadvantages associated with the described technique are listed in Table 1 , and pearls and pitfalls are shown in Table 2 . 
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Postoperative Rehabilitation
The patient is placed in a sling for 3 weeks. Passive range of motion is begun immediately. Active and active-assisted range of motion is allowed 3 weeks after surgery. No resisted elbow flexion is permitted until 6 weeks postoperatively. A standard postoperative rehabilitation protocol for rTSA with progression to early-strengthening and full-strengthening exercises should be prescribed.
Discussion
This article details our technique for humeral head autograft transplantation to restore glenoid volume and version, preceding concomitant rTSA, in the context of extreme glenoid retroversion. This provides a biological option for patients with severe bone loss so that the glenoid component can be implanted (Fig 7) . However, concerns with bone grafting have included nonunion, resorption, and subsidence, in addition to the technical demands of graft placement and fixation. 4 The literature is limited regarding this type of procedure, and the optimal graft choice remains controversial.
Reverse total shoulder arthroplasty has been used less frequently alongside a bone graft. Mizuno et al. 8 reviewed 27 rTSAs performed for the treatment of primary glenohumeral osteoarthritis with a biconcave glenoid with functional rotator cuff. The mean preoperative retroversion was 32
, and humeral head subluxation rate was 87%. A bone graft was required in 10 patients: 6 from autogenous humeral head grafts and 4 from the iliac crest. Three of those from the iliac crest were performed in a 2-stage procedure. The Constant score increased from 31 to 76 points (P < .0001) at a mean follow-up of 54 months, with 93% of patients satisfied or very satisfied. The complication rate was 15%. The authors concluded that rTSA offers a viable solution for the treatment of severe static posterior glenohumeral instability and severe glenoid erosion.
Several other studies have reported the use of bone grafts with anatomic total shoulder arthroplasty. Neer and Morrison 9 reviewed 19 patients at a mean follow-up of 52 months, with 16 patients having excellent results. Walch et al. 6 reported on 75 patients with biconcave glenoids, with 7 patients requiring structural bone grafting because of the inability to correct retroversion to less than 10 while retaining enough glenoid volume for the placement of a keeled component. However, at a minimum follow-up of 2 years, they found that posterior bone grafting was associated with worse results with respect to active elevation, Constant score, mobility, and strength. Fig 5. (A, B) If a sterile 3-dimensional model of the patient's glenoid is available, the graft (arrows) can be placed over the model to verify positioning and shape before fixation in the left shoulder. If adjustments to the graft that will be placed in the left shoulder are needed, they are performed at this time through use of a small oscillating saw and/or high-speed burr. Fig 6. (A, B) The graft is transported into the native glenoid in the left shoulder. Once in the correct position, the K-wires are advanced into the native glenoid to provide provisional fixation and guide drilling. After this, 3.0-mm titanium headless compression screws (Arthrex; arrows) are used to definitively fix the autograft in place.
Sabesan et al. 10 reviewed the results of glenoid bone grafting in 12 patients who had preoperative retroversion greater than 20
, with a mean of 44 . The technique differed in that the bone graft was trapezoidal and was incorporated into a step-cut glenoid with posterior screw fixation. Of the patients, 2 had failure of graft incorporation at a mean of 4.4 years' follow-up and required revision surgery whereas 10 had excellent results.
As such, the clinical results of glenoid bone grafting are mixed and have been associated with a high percentage of complications including periprosthetic radiolucencies, glenoid component failure, graft complications, and instability. 4 In addition, it is thought that rTSA may offer improved fixation and constraint over an anatomic prosthesis. 4 The mixed results may be a result of the various grafting techniques, implants, and confounding patient variables. We recommend our described technique of humeral head autograft transplantation to restore glenoid volume and version, before rTSA, in the context of extreme glenoid retroversion, but we encourage further studies to assess outcomes after our surgical technique. 
Pearls
Intraoperative measurements of the glenoid should be used for autograft preparation because preoperative measurements are more prone to error. The assistant must provide saline solution irrigation while preparing the graft to avoid thermal necrosis. Using a glenoid 3-dimensional model allows for a better understanding of optimal graft placement and reduces surgical time. Two K-wires should be used to transfer the graft into the native glenoid. Compression screws should be used to fix the graft into the native glenoid. Pitfalls A graft of the wrong size can jeopardize the procedure because it will not properly correct the severe glenoid retroversion.
A fracture of the graft may occur if graft preparation is not performed carefully. A greater amount of surgical time is possible without the use of a glenoid 3-dimensional model. 
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